ABSTACT The objective was to describe a case series of penetrating neck injuries (PNIs) and compare their management in combat versus civilian trauma. Methods: From 2012 to 2014, all soldiers and civilians referred to Percy Military Training Hospital for PNI were analyzed. The mechanism of injury, type and site of the lesion, and initial emergency management were noted. Results: Among the 55 patients, 26 were wounded in action, and 29 were civilians. PNIs were commonly stab wounds resulting from an assault. Anatomical zone II, as well as the central neck compartment, was the most affected area. The most affected organ was the larynx. 74% of patients underwent computed tomography angiography (CTA), surgical exploration was performed for 42% of patients, and 33% of patients required intensive care unit monitoring. The differences between the two groups in terms of management were not statistically significant. Conclusions: The current management is based on clinical examination and CTA and is similar between soldiers and civilians. Surgical exploration is less commonly used than CTA, which is a fast and accurate method to evaluate PNI for stable patients. The classification by compartment seems more relevant than the classification by anatomical zone, particularly in absence of medical imaging.
INTRODUCTION
Penetrating neck injuries (PNIs) are common in the military setting (5 to 10% depending on the series for war injuries). 1 With the evolution of conflicts, including the emergence of improvised explosive devices and improvement in tactical combat casualty care and protective equipment for the trunk and skull, the type of injuries encountered has changed. The relative incidence of head and neck injuries has increased. In the French Army, 36 to 55% of injuries in Afghanistan affected the head and neck. 2, 3 The severity of these injuries is partly because of the vital and immediate asphyxia and hemorrhagic risk, as well as to infectious and functional risks remotely. Vascular lesions are found in 20 to 30% of the series, and 10% are related to the internal carotid. 4 The injuries may be related to ballistic trauma (bullets, projectiles, and shrapnel), which are responsible for the most complex injuries; to stab wounds, which cause lesions only on their path; and to trauma by direct trauma (e.g., road-traffic accident and assault), which are responsible for multiple traumas. These risks justify an early and specialized management.
PNI management has evolved since World War II. On the basis of the experience of war and before the advent and common utilization of computed tomography (CT) scanners, PNIs were explored to rule out injury. 5, 6 PNI management was based on the systematization of the neck into 3 anatomical zones according to the location of site of entry. 7 Zone I is demarcated by the collarbone and sternal notch at its lower bound and by the lower edge of the cricoid at its upper bound. Zone II is located between the lower border of the cricoid and the mandibular angle. Zone III extends from the mandibular angle to the base of the skull (Fig. 1) . It was common practice for French military general surgeons to explore zone II injuries because this is a surgically accessible part of the neck, and to not explore zone I and III injuries unless absolutely necessary, as access in these regions is more difficult and morbid. Patients with zone I and III injuries would undergo arteriography to rule out vascular injury, bronchoscopy to rule out airway injury, and esophagoscopy or an oral contrast fluoroscopy study to rule out esophageal injury. In France, there is no civilian recommendation concerning the management of PNIs. Many studies showed the high frequency of negative surgical explorations. [8] [9] [10] CT technology now allows us to perform CT arteriograms to rule out vascular injuries in the neck and can also allow us to follow the path of penetrating injuries and to look for air as a sign of tracheal or esophageal injuries, thus saving the need for unneeded surgical explorations.
These data allowed evolution toward a more selective surgical management based on clinical examination and medical imaging. Similar to NATO recommendations for Role 3 care, French Ear Nose Throat surgeons are now caring for these injuries instead of general surgeons. 11 Soldiers wounded in action at the head and neck are now supported by a specialist surgeon on the battlefield and are managed as patients in France.
The objective of this retrospective study was to describe a case series of PNIs and compare their management in combat versus civilian trauma and to change the current recommendations in the French army in the light of the recent experience of military ENT surgeons engaged in war.
MATERIAL AND METHODS

Subjects
This was a retrospective study of patients referred to the Percy Military Training Hospital (Clamart, France) with PNI from May 2012 to May 2014. PNIs are defined as injuries penetrating the full thickness of the platysma. Patients with superficial neck injuries were excluded from the study. The study population was divided into the following two groups, the civilian group and the military group.
The civilian group consisted of all patients wounded in France and referred to the hospital. The military group consisted of all patients wounded in action, during war. Their initial management had occurred on the battlefield and was then secondarily supported in France, at the Percy Hospital.
The hospital ethics committee exempted this study from the need for consent because it only involved retrieving data from medical records (Scientific Committee for Clinical Trials of the Percy Hospital, September 2013).
Methods
The medical files were retrospectively examined, and the following data were analyzed: age, gender, civilian or military status, mechanism of injury, type and site of the lesion, initial emergency management and medical imaging, outcome of surgical exploration, duration of hospitalization, and follow-up and sequelae.
Initial emergency management was recorded if the patient underwent an orotracheal intubation, a cricothyroidotomy, or a tracheotomy at the prehospital stage. Patients who received simple stabilizing measures (oxygen mask and drug measures) were reported to not have received invasive emergency actions on the battlefield. In practice, they all received pain and oxygen therapy at a minimum as part of their medical care.
Surgical exploration referred to all patients who underwent surgery under general anesthesia after orotracheal intubation or tracheotomy in the operating room, including debridement. Patients who received only a simple injury closure were identified in our results as not having undergone surgical exploration. In this case, no vascular or laryngotracheal lesions were suspected.
The classification by anatomical zone was considered (I, II, and III), as well as another classification by penetration site in terms of the compartment (central and lateral). The central compartment concerned PNIs medial to the front edge of the sternocleidomastoid muscle, and the lateral compartment concerned injuries laterally ( Fig. 1 ).
Statistical Analysis
The statistical analysis was performed using SPSS/PC software version 10.0 (SPSS Inc., Chicago, Illinois). The MannWhitney U test was used to compare quantitative data, and chi-square test was used to compare qualitative data. The differences were considered significant at a p value less than or equal to 0.05.
RESULTS
From May 2012 to May 2014, the files of 55 patients (46 men and 9 women) were collected and analyzed (Table I) . The patients were, on average, 32 years old at the time of management. The patients were divided into the following 2 categories: a military group (26 patients) and a civilian group (29 patients). In the military group, PNIs were commonly related to assault (69%), with the most common penetrating object being shrapnel (43% of all military PNI cases). In the civilian group, injuries were commonly related to assault and deliberate self-harm (46% and 41%, respectively) by stab wounds (72%). One-third of all patients presented multiple injuries (31%).
Anatomical zone II was the most affected area (67%) ( Table II) . In the military group, injury most commonly involved the central and two lateral compartments simultaneously (62%). In the civilian group, the central neck compartment was the most affected area (73%), which is the preferred zone for deliberate self-harm by stab wound.
The most frequently affected organ was the larynx (58%) (Tables III and IV) ; 42% of the lesions of the central compartment and 71% of the simultaneous lesions of the central and lateral compartments involved the larynx. These lesions were generally small (limited in size and without tissue disinsertion, no fracture or few displaced fractures). These lesions did not require specific treatment, and a simple closure was sufficient in most cases.
The larynx was affected in the wounds of zone I (100% in single zone I, 28% in zones I + II, and 100% of the wounds in zones I + II + III). The internal jugular vein and external jugular vein were affected in the wounds of zone II, and the lesions of the carotid artery were found in the wounds of zones I + II + III (100% in this location), corresponding to extensive wounds. In our study, there was no isolated lesion in zone III (Table IV) . The management of these patients was similar between soldiers wounded in action (initial field management) and civilians ( Table V) . The differences between the two groups were not statistically significant ( p > 0.05). Computed tomography angiography (CTA) was performed in 74% of patients. Of these patients, about half received a surgical exploration (56%).
Orotracheal intubation was more frequent for the central compartment (42% of injuries of the central compartment and 47% of injuries of the simultaneous lesions of the central and lateral compartments).
The great vessels were injured in 26 of 55 cases. This type of injury was always the result of a lesion of the lateral compartment. No vascular lesion was recorded in the isolated lesion of the central compartment. In our series, 20% of carotid lesions were found in cases of simultaneous damages to the central and lateral compartments (n = 10). Considering the risk of life-threatening injuries, surgical exploration was mostly performed for the lateral compartment (58% versus 31% for the central compartment) ( p < 0.05). All patients with a simultaneous lesion of the three anatomical zones (I, II, and III) underwent surgical exploration.
Of the patients who died of their wounds, the majority were injured in zone II (n = 5/6 deaths), and one death occurred in the case of a wound to the three zones.
The average duration of hospitalization was 11 days. The mean follow-up was 65 days in the two populations: 34.7 days of follow-up for the soldiers versus 104 days for civilians. The difference between the two groups was not statistically significant ( p > 0.05).
Only patients who underwent mandibular damage had PNIrelated, remote, functional sequelae (7%, n = 4).
DISCUSSION
Our series allowed us to identify two main types of injuries. The first type corresponds to PNIs caused by shrapnel, which is responsible for large and deleterious injuries with high kinetics in soldiers wounded in action. These lesions are more extensive than those in civilians, with concomitant damage of several zones or compartments.
The second type corresponds to the wounded civilian, whose mechanism of injury is deliberate self-harm with a stab wound, being responsible for lesions of the central compartment with moderate lesions of the larynx, and requiring short intensive care unit (ICU) monitoring. In the civilian group, another important injury mechanism is the patient wounded by assault, being responsible for lesions of the lateral compartment with a greater number of severe lesions that reach great vessels.
The mortality was 11% in our series, higher than that observed in the literature, where it was estimated to be 3 to 6% on average. 12 We chose to include patients who died at their prehospital stage (5 patients), although these patients are deliberately excluded in most series. The deaths were due to concomitant lesions of the central and lateral compartments, which include most of the great vessel lesions observed in this study, particularly those of the carotid artery. The deaths observed in this study, in both military and civilian patients, directly resulted from massive bleeding, due to lesions of the internal jugular vein or internal carotid artery. 1, 13, 14 In both populations, the most affected area was zone II, a finding that was comparable to that in the literature. 8, 15, 16 In our series, as in the literature, the main mechanism of PNI corresponded to penetrating stab wounds, followed by firearm wounds and road-traffic accidents (glass breakage). 8, 12, 17 Homogenization of the Management of the Wounded in Action on the Battlefield Versus Hospital Management in France In our series, there was no significant difference between the two populations with regard to management. The deployment of an ENT surgeon to a NATO Role 3 hospital and accessibility to medical imaging have changed the initial management, using a selective surgical management instead of classification by anatomical zone. Thus, soldiers and civilians alike underwent a complementary investigation by CTA, surgical exploration if needed, and intensive care management.
The Growing Role of CTA in the Management of PNIs
The patients underwent CTA in 74% of cases. Among these patients, about half underwent surgical exploration compared with 7% of patients who did not have CTA (1 patient with hemodynamic instability at presentation that required an initial surgical exploration). Thus, CTA prevented 18 patients from receiving negative neck exploration (14 patients with no affected organ and 4 patients with mandibular fracture but without neck injury). CTA seems to be currently used as a reference for management of PNI and is sufficient to diagnose most of the lesions. [18] [19] [20] Many studies recommend further tests adapted to clinical signs, including conventional angiography, cervical Doppler imaging, and pharyngo-oesophageal exploration by endoscopy. [20] [21] [22] In our series, these tests were not conducted. In an emergency situation, access to such tests may be limited, particularly on the battlefield. CTA provides a comprehensive view of the patient's lesions and a guide to their management. Almost no injury passed unnoticed on CT scan in the literature, validating the use of CTA in the initial assessment. Osborn et al 16 demonstrated that the use of a thorough clinical examination and CTA reduced the use of systematic surgical exploration; thus, they performed fewer negative surgical explorations. Many prospective series showed a specificity and sensitivity from 90 to 100% for the diagnosis of vascular lesions with CTA, [18] [19] [20] thus replacing angiography as the gold standard. 16, 23 Current Management of PNIs Patients required an initial orotracheal intubation in 40% of cases and underwent a surgical exploration in 42% of cases. Injuries to the central compartment more often necessitated orotracheal intubation, in connection with more frequent laryngeal injuries. Recourse to surgical exploration was more frequent in cases involving injuries to the lateral compartment, which comprises more vascular lesions.
In our study, there were no unnoticed or undiagnosed lesions in the absence of surgical exploration. The systematic surgical exploration of PNI is, therefore, not suitable. The main argument for this approach was the fear of missing life-threatening lesions. 15, 24 Negative surgical explorations are associated with 30 to 89% of cases in the civilian setting. 8, 10 Of course, there remains a need for initial surgical exploration of patients with respiratory or hemodynamic instability at presentation. This led the trauma centers to an approach based on physical examination and selective use of complementary investigations. The selective management of PNI is safe and simple, with a low negative exploration rate and no missed injury. 5, 8, 17, [22] [23] [24] [25] [26] In a prospective study of 203 patients with PNI, Thoma et al 17 established a management algorithm based on clinical examination and the selective use of complementary investigations. Only 12.3% of patients underwent a surgical exploration and 77.8% of patients, either asymptomatic or with a negative workup, were managed expectantly. No surgical exploration was negative, and no injury was unnoticed. Similarly, Siau et al 22 developed a management algorithm based on clinical examination and CTA.
In our study, most patients underwent CTA, and few patients had no complementary investigations. CTA seems essential to guide the surgical indication, given that medical imaging, particularly in civilian setting, is now readily accessible.
The Classification of the Central and Lateral
Compartments is Better Adapted to Guide the Medical Management of PNI We choose to distinguish three neck compartments, two lateral and one central, replacing the former classification by anatomical zones. No other study has yet used this classification. Most authors still use the classification based on anatomical zones. Osborn et al 18 considered our classification descriptive rather than a tool to help in decision-making, but the authors based their management on CTA. According to our study, this classification seems more relevant to decisions regarding surgical exploration, particularly in the absence of CTA. The lateral compartment is the site of vascular lesions, and injuries to this compartment more often result in surgical explorations. Injury to the central compartment is responsible for upper aerodigestive tract lesions requiring initial orotracheal intubation with ICU monitoring, but less immediate surgical management.
CONCLUSION
The incidence of penetrating neck injury is significant, particularly in the military setting. Although the old dogma was systematic surgical exploration, selective surgical management based on clinical examination and CTA developed, resulting in fewer formal neck explorations and the virtual elimination of negative exploratory surgery.
CTA is a fast, accurate, noninvasive method of evaluating PNIs for stable patients. It has improved the detectability of vascular injuries and extravascular injuries.
When deciding on surgical exploration, the classification by penetration site in terms of the compartment (central or lateral) seems more relevant than the former classification by anatomical zone (I, II, or III), because it corresponds to lesions of the great vessels versus lesions of the aerodigestive tract.
In the French Army, the deployment of ENT surgeons and the accessibility to CTA on the battlefield have enabled surgical management that is more similar to that performed in the civilian setting in France.
